Experimental methods for the mea surement of intrinsic interactions between moving dislocations and the crystal lattice ar e considered. It is emphasized that the stress pulse method is applicable at stress levels greater than about twice the static flow stress, while internal friction experiments may be used to explore the interaction at very low stress levels and small dislocation velocities. Recent results of low temperature stress pulse measurements in Cu are presented.
Considerably larger dislocation displacements a nd velocities ar e involved in the strain rate vs. stress experiments. In this type of te s t only the product of mobile dislocation density and averag e dislocation velocity may be determined. Bence a knowledge of the mobile dislocation density is needed to determine an average dislocation velocity uniquely. A reliable measurement of the mobile dislocation density cannot be made, so that reliable estimates of dislocation v e locities are difficult to obtain.
Since dislocation displacements are observed in the direct method, a theoretical model connecting dislocation dynam i cs with the measured parameters is not required. It must be recognized, however, 3 that only an average velocity can be determined with this method. When the stress pulse technique is used and dislocation positions are determined before and after a rectangular stress pulse is applied, an average velocity given by the displacement divided by the pulse duration is found. When the dislocations are continuously observed during their motion, as in a transmission electron microscope, velocities are determined which are averages over the time period set by a motion picture framing rate or are averages over the time period set by a vidicon or motion picture framing rate o r ar e used to observe the dislocation. Deviations from the average velocity which might take place as the displacement varies over atomic dimensions therefore cannot be detected. It is generally assumed that a terminal dislocation velocity is determined in the direct method and that the driving force supplied by the applied stress is e qual to the retarding or drag force at that velocity.
We may divide the forces which impede dislocation motion into two categories, intrinsic and extrinsic. Intrinsic forces act on a dislocation in an otherwise perfect lattice while extrinsic forces are due to dislocation interactions with other lattice defects. Both intrinsic and 4 extrinsic forces will act on dis l ocations under actual experimental conditions, since all crystals contain defects such as surfaces, vacancies, and impurities. Inertial forces are unimportant in most of the direct experi-3 ments.
III. MEASUREMENTS OF INTRINSIC INTERACTIONS
We consider here the problem of the measurement of intrinsic interactions in FCC crystals and on close-packed planes of HCP crystals.
The motion of dislocations through an array of discrete obstacles has been treated theoretically by Kocks, 4 Frost and Ashby 5 and others. It has been predicted 5 that local interactions with obstacles which obstruct dislocation motion become unimportant compared to velocity dependent intrinsic interactions at stress levels above about two times the c ritic a l stress required to drive the dislocation through the obstacles. At intermediate stress levels both intrinsic and extrinsic obsta cles are effe ctive; th e stress-velocity r e lationship is non-linear a nd the tota l dr a g is grea t e r than that due to intrinsic forces alone. The se calculations were verifie d experimentally in zinc where the obstacle to basal dislocation motion was a forest of second-order pyramidal dislocations. 6 We conclude from this that reliable direct measurements of the intrinsic interactions must be made at stress levels greater than two times the stress which causes dislocations to move macroscopic distances. In the internal friction experiments, the dislocations vibrate about their equilibrium position and are subjected to intrinsic forces. The stress levels are very low compared to the stresses required to overcome all of the extrinsic obstacles (the stronger extrinsic interactions fix the length of the vibrating segments and this effect is included in the theory). The intrinsic interactions may then be studied at either very low stress levels (internal friction measurements) or high stress levels (strain rate vs. stress and the direct method. )
Extrinsic interactions are reduced by (i) minimization of impurities and the total dislocation density of the test crystals, (ii) using "fresh" dislocations which are free of segregated impurities and contain a minimum number of jogs, (iii) minimizing or avoiding interactions of dislocations on the active slip system or attraction of dislocations to free surfaces (these interactions may increase the driving force on the leading dislocations and cause the intrinsic drag forces to be underestimated). One method is described below which has been found effective in reducing extrinsic interactions so that the strength of intrinsic interactions could be determined. This method utilizes torsional stress waves to produce single, short duration stress pulses.
Dislocation displacements are observed either on a cross section normal to the cylindrical specimen axis (the cross section is subjected to a stress distribution corresponding to that of static torsion)
or on the cylindrical surfaces of the specimen (where the maximum torsional stress acts).
IV. TORSION TESTING
The method used to generate torsion waves with a Z11sec ri se time has been described elsewhere. Figure 2 shows that the pinning is strong enough to permit the dislocation to act as a Frank-Read source.
Cross slip of some screw oriented segments is indicated.
The theories discussed below indicate that the dominant intrinsic interactions take place very near to the core region of the dislocation. We conclude from this that a free surface parallel to the slip plane and about 1 O!J. away from the dislocation core will have a small effect on the intrinsic drag since its effect on the dislocation strains and displacements near the core is small. Dislocation displacements near an end surface of a cylindrical crystal in a torsion pulse test should then be representative of the displacement of isolated dislocations in the bulk crystal.
Recently we have measured the mobility of 30° mixed dislocations intersecting the lateral surfaces of cylindrical copper crystals at 4. 2°K
by means of the torsion technique.+ Dislocation displacement as a function of torsional impulse for these tests is plotted in fig. 3 . The displacement data indicates that extrinsic interactions were important at the lower levels of torsional impulse. We believe that interactions between scratch produced dislocations on different slip systems are the major extrinsic interactions in these tests.
V. THE MAGNITUDE OF DISLOCATION -PHONON AND DISLOCATION -ELECTRON INTERACTIONS IN METALS
In solid materials with a small Peierls . is noted that in the most recently published work in a luminum, 29 B
is estimated by averaging data points, rather than using the data of the maximum asymptote as is now commonly acc e pted.
The unresolved aspects of intrinsic dislocation interactions suggest work in the following areas: 
